Manganese is an important trace element, which is essential to organisms and plants for the functioning of several enzymes, and is also an essential micro-nutrient for the functioning of the brain, nervous system and normal bone growth.' However, it is a respiratory irritant and a systematic poison when inhaled in excessive amounts.2 Manganese is present in various steel materials as a hardening agent. It also has applications in pharmaceutical preparations.
In view of these facts, a simple and accurate method for the determination of manganese is desirable. The most widely used spectrophotometric methods for the determination of manganese have been reviewed. 3 The oxidation of Mn(II) to Mn(VII)4, thenoyltrifluroacetone5, 8-aminoquinoline6 and 8-hydroxyquinaldine', because of low sensitivity, are not considered to be useful for trace analysis. Formaldoxime$ is a superior reagent compared to the heterocyclic azo dye reagents9-'1 with respect to cost, simplicity and rapidity of the method. However, Fe, Ni, and Co interfere. Therefore, a reliable separation technique is necessary before a spectrophotometric determination of manganese by formaldoxime.
A literature survey has shown that various solventextraction methods for separating and preconcentrating manganese have been reported, such as tributylphosphate (TBP)'2,13, salicylaldoxime14, Versatic-915, alkyl substituted /3-diketones16, bis(2-ethylhexyl)hydrogen-phosphate17, 8-hydroxyquinoline18, dithiocarbamates19,20, Alamine 33621, Aliquat 33622, trioctylamine (TOA)23, Amberlite LA-224, Cryptand 22125 and triphenylsulfonium chloride.26 However, the existing methods suffer from several drawbacks, such as a longer extraction time 12, 13, 1 temperature control21,22, multiple ex-traction16,17,26, use of masking agents22 and co-extraction of commonly associated ions.'3,14,'s,'9,23,25 Although bis(2,4,4-trimethylpentyl)monothiophosphinic acid (Cyanex 302) has been used to study the extraction behavior of some metal ions27-31, there has been no detailed study on the use of this reagent for the extractive separation of manganese. In the present work, a new method for the solvent-extraction separation of Mn(II) with Cyanex 302 into toluene was developed, and the thus separated manganese was stripped into HCl for its spectrophotometeric determination by formaldoxime from binary mixtures, alloys and pharmaceutical samples.
Experimental Apparatus
A UV-visible spectrophotometer (UV-160A, Shimadzu) and a digital pH meter (Control Dynamics) equipped with a combined glass electrode were used for absorbance and pH measurements, respectively.
Reagents
A stock solution of manganese(II) was prepared by dissolving 1.1 g MnSO4•H20 in 250 ml of distilled water containing 2 ml of concentrated sulfuric acid. After the solution was standardized titrimetrically with EDTA32, working solutions were prepared by suitable dilutions. A 0.1 mol dm-3 stock solution of bis(2,4,4-trimethylpentyl)monothiophosphinic acid (Cyanex 302) was prepared by dissolving the reagent in toluene. The stock solution was diluted with toluene wherever necessary. All other chemicals used were of analytical reagent grade.
General extraction procedure
An aliquot of a solution containing 40 µg of manganese was taken and mixed with 2 ml of 2 mol dm 3 NH4C1; its pH was adjusted to 6.5 with HCl or ammonia. The total volume was made to 20 ml. The solution was then transferred into a separatory funnel and extracted for 1 min with 5 ml of 0.005 mol dm 3 Cyanex 302 in toluene. After the two phases had separated, the manganese was stripped from the organic phase with two 5 ml portions of 0.05 mol dm 3 hydrochloric acid, and the manganese was estimated spectrophotometrically, as described. To the aqueous phase were added 2 ml of 1 mol dm 3 NaOH (pH approx. 10) and 2 ml of a 2% formaldoxime solution; the mixture was then diluted to 25 ml with distilled water. The absorbance of the Mn-formaldoxime complex was measured at 455 nm against a reagent blank prepared analogously8, and had a molar absorptivity of 1.2X104 mol-1 cm2.
Results and Discussion
Extraction as a function of the pH of the aqueous phase The extraction of manganese(II) was studied in the pH range 2.5 to 9.0 with 0.005 mol dm3 Cyanex 302 in toluene. The extraction was quantitative between pH 6.0 -8.0. Hence, all of the extractions were carried out at pH 6.5 (Fig. 1 ).
Extraction as a function of the Cyanex 302 concentration
Manganese(II) was extracted with varying concentrations of Cyanex-302 (5 X 10-2 to 3 X 10-$ mol dm 3) in toluene at a fixed pH of 6.5. The extraction was quantitative with > 1 X 10-3 mol dm 3 of Cyanex 302 (Fig. 2) .
Period of equilibration
After the solution was shaken for a period ranging from 15 s to 3 min the two phases were allowed to separate (1 min). The extraction was found to be quantitative with a shaking period of 1 min. Upon varying the equilibration time while keeping the shaking period constant (1 min), it was found that there was no change in the extraction.
Extraction with various diluents
Manganese(II) was extracted with 0.005 mol dm 3 Cyanex 302 at pH 6.5 for 1 min in different solvents.
The percentage extractions in toluene, xylene, benzene, carbon tetrachloride and chloroform were 99.6, 96.5, 88.4, 76.0 and 65.2%, respectively.
Toluene was thus selected as a diluent for Cyanex 302 in further studies.
Nature of the extracted species
It was necessary to evaluate the distribution ratio (D) while varying the extractant concentration in order to ascertain the nature of the extracted species. The composition of the extracted species was ascertained from the graph of log D versus log[Cyanex 302] at a fixed pH of 6.5. The slope was 2.0 ( Fig. 3) . Therefore, the probable composition of the extractable species at pH 6.5 is Effect of foreign ions Various amounts of foreign ions were added to a solution containing a fixed amount of manganese (40 µg). The recommended procedure was then followed for the extraction and determination of manganese ions. The tolerance limit was set at the amount of foreign ions required to cause a ±2% error in the recovery of manganese. The results are as given in Table 1 .
Separation and determination of manganese(II) in binary mixtures
The separation of manganese(II) from its binary mixtures with Bi(III), Cr(VI), Mo(VI), W(VI), V(V), Ti(IV), Fe(III), Hg(II), Ni(II), Cu(II) and Al(III) was carried out by the proposed method. Under the optimum conditions of manganese(II) extraction, metal ions such as Cr(VI), Hg(II), Ti(IV), V(V), Al(III), W(VI) and Bi(III) were not extracted, and thus remained quantitatively in the aqueous phase. Fe(III), Ni(II), Cu(II) and Mo(VI) were extracted with Cyanex 302 under the same extraction conditions as those for manganese(II). However, Mo(VI) was separated first from Mn(II) by selectively stripping with 5% NH4C1 in (1+10) NH4OH, since Mn(II) is not stripped into it Although Fe(III), Ni(II) and Cu(II) were not stripped with 0.05 mol dm 3 HCI, Mn(II) was stripped quantitatively. Thus, the separation of Mn(II) from these metals was achieved. Fe(III) and Ni(II) were recovered by stripping into 2 mol dm3 HCI, whereas Cu(II) remained in the organic phase, which after the decomposition could be estimated by EDTA ( Table 2) .
Determination of manganese in alloys
The proposed method was tested by analyzing standard alloys, such as ferro-titanium and stainless steel. A hundred milligrams each of the alloys was treated with 5 ml of aqua-regia, and then evaporated to dryness. The residue was dissolved in 2 ml of hydrochloric acid and diluted to 25 ml with water. An aliquot portion of each alloy was taken for the extraction and determination of manganese by the recommended procedure. The recoveries of manganese were quantitative ( Table 3 ).
Determination of manganese in pharmaceutical samples
Pharmaceutical samples such as Supradyn and Nutrisan tablets, were ignited in a muffle furnace at 400° C for 2 h. The ash was dissolved in 5 ml of hydrochloric acid, and the solution was filtered and diluted to 25 ml with water. An aliquot portion of each tablet was taken for the extraction and determination of manganese by the proposed method. The obtained results compared well with the certified values ( Table 3 ).
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